1. Background {#s0010}
=============

Stroke is a leading cause of serious long-term disability and the third-leading cause of death [@bb0005]. Acute ischemic stroke accounts for approximately 70% of all strokes, and cardiac embolism accounts for approximately 15% of embolic strokes.

Atrial fibrillation (AF), which is responsible for 10% of all ischemic strokes and half of all cardioembolic strokes, increases the risk of stroke by 4- to 5-fold in nonrheumatic patients. The left atrial appendage (LAA) is the most common location in which a thrombus forms in the left atrium (LA). Transesophageal echocardiography is a routine clinical procedure that is frequently used prior to cardioversion to detect an LA thrombus.

Pulmonary vein thrombosis is a potentially life threatening condition that can lead to thromboembolic stroke, but the occurrence of this type of thrombosis is believed to be rare and often goes undiagnosed and untreated.

The primary causes of pulmonary vein thrombi formation are thought to be lung surgery [@bb0010], lung transplantation [@bb0015], [@bb0020], and increased expansion of lung cancer [@bb0025]. The signs and symptoms of this condition are generally atypical, thus resulting in its underdiagnosis.

Since 2012, I have published many cases of pulmonary vein thromboses in elderly patients who present without traditional clinical conditions. In 2014, I reported that 35 (61%) of 57 elderly patients with chest pain had a pulmonary vein thrombus [@bb0030], indicating that pulmonary vein thromboses are more common in elderly populations. In 2015, I reported that a small thrombus in the visible small pulmonary vein was connected to a larger thrombus in the pulmonary vein [@bb0035]. However, the method by which the small pulmonary vein thrombus became completely occluded is unknown. Here, I describe a case report identifying a smaller pulmonary vein involved in the formation of smaller thrombi.

2. Case reports {#s0015}
===============

The patient was a 78-year-old male who presented with chest pain and had no previous treatment with warfarin. D-dimer was less than 0.5 μg/ml (normal value \< 1.0 μg/ml), protein S activity was 91% (normal range 60--150%), and protein C activity was 66% (normal range 64--146%). He was treated with aspirin (82 mg i.d.) as an antiplatelet therapy. The patient was referred to our hospital for the evaluation of coronary artery stenosis. The chest roentgenogram was negative for lung cancer. The patient had no symptoms of cough, cerebral infarction or cancer, and the patient had no history of either catheter ablation or lung surgery. A 64-MDCT scan showed a pulmonary vein thrombus ([Fig. 1](#f0005){ref-type="fig"}); however, there were no thrombi in the left lower pulmonary vein (LLPV) at first. A non-contrast enhanced vessel, which might have been completely occluded, approached from the upper side ([Fig. 2](#f0010){ref-type="fig"}A). There, a non-contrasted branch of the pulmonary vein at the upper side of the LLPV was observed ([Fig. 2](#f0010){ref-type="fig"}B), which extended proximally in keeping the position on the upper side of LLPV ([Fig. 2](#f0010){ref-type="fig"}C). The contrast enhancement defects did not diffuse and enter the LA ([Fig. 2](#f0010){ref-type="fig"}D).Fig. 1Axial images showing the left lower pulmonary vein thrombus (arrows). AA; ascending aorta, DAo; descending aorta, LA; left atrium, LLPV; left lower pulmonary vein.Fig. 2A: Sagittal images showing the left lower pulmonary vein and the non-contrast small pulmonary vein (arrow). B: Sagittal images showing the thrombus in the left lower pulmonary vein as a defect of small enhancements (arrow). C: Sagittal images showing the larger pulmonary vein thrombus, which was separate from the wall of the left lower pulmonary vein (arrow). D: Sagittal images showing the thrombus in the left atrium (arrow). DAo: descending aorta, LA: left atrium, LLPV: left lower pulmonary vein.

3. Discussion {#s0005}
=============

Although I have published the detection of a thrombus in the visible fine pulmonary vein with contrast, enhancements have contributed to the recognition of a pulmonary vein thrombus [@bb0035]. However, it is a novel notion to diagnose a completely occluded small pulmonary vein thrombus, which requires new methodology that is not generally recognized at present. In this report, I showed a completely occluded small pulmonary vein thrombus, which flew into the LLPV, as assessed using 64-MDCT.

Ischemic stroke is a serious clinical problem. Although cardioembolic stroke generally results in more severe disability because of the larger affected area compared to other types of ischemic stroke, pulmonary vein thrombosis is undiagnosed. As I have reported, 49% (17 patients) of 35 patients with pulmonary vein thrombosis extended into the left atrium [@bb0040], which also applies to the case described here.

Warfarin and recently developed anticoagulants such as dabigatran are used to prevent ischemic stroke in patients with AF. If health care providers fail to recognize the dangers of pulmonary vein thrombosis, it could be difficult to accurately evaluate the risk of cerebral infarction.

Another critical problem is that left lower pulmonary vein thrombosis results in hypoxia and malnourishment of the left lower pulmonary vein, the effects of which are unclear. Hypoxia activates hypoxia inducible factors (HIFs), which are transcription factors that may be associated with genetic regulations.

Hypoxia and malnourishment manifest in various pulmonary diseases, including some types of asthma and lung cancer, via loss of normal cell function in the lungs and live under such conditions. Additionally, these symptoms affect pulmonary vein structure such as the pulmonary vein myocardium by activating HIFs, which may be associated with the progression and maintenance of AF [@bb0045].

To prevent these unfavorable effects, we needed to assess the existence of a thrombus in the small pulmonary vein. If detected, the thrombus must be dissolved by either warfarin or NOACs such as dabigatran. It is an important to determine whether a completely occluded pulmonary vein thrombus could be dissolved to avoid its injurious effects on lung cells and pulmonary vein myocardium.

The appearance of a small thrombus in the pulmonary vein indicates the existence of a small hidden pulmonary vein, which may extend into the left atrium and be a source of thrombus formation in the pulmonary vein and in the left atrium.
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